ABSTRACT. We measured radiocarbon ages of 11 pieces of ancient Japanese documents by accelerator mass spectrometry (AMS). The purpose of this study is to compare the relationship between the calibrated 14C age and the historical age of Japanese paper samples. Calibrated ages of nine pieces agree with their historical ages, indicating that Japanese ancient documents can be used for 14C dating in the recent historic period. On the other hand, the 14C age of paper that was used for reinforcement of a sutra is ca. 300 yr older than the historical age of the sutra. This shows that the sutra was repaired with old paper.
INTRODUCTION
Radiocarbon dating has provided useful information for archaeological study because it gives an absolute age (after calibration) of the ancient artifact. For age determination of culturally valuable objects, the most advantageous characteristic of AMS is its ability to measure 14C ages for Ca. 1-mg carbon samples. Because of the historical value, small size, or low carbon content of most cultural objects, there is a limit to the amount of sample submitted for 14C measurement. However, the AMS method has made it possible to date such samples, thus extending the application to valuable cultural objects produced in the recent historic period.
History is a reconstruction of past human activity. This reconstruction is accomplished, in part, by gathering evidence in the form of relics or documents. The historic period is largely clarified with the help of ancient documents. Therefore, the ages of ancient documents determined by scientific methods will provide useful information for studying the historic period. '4C ages should be calibrated to obtain calendar ages, because the atmospheric 14C concentration in the past is a function of time. But even the calibrated age, obtained by projecting the 14C age on the calibration curve, indicates only a period that the sample has been kept in a system closed from the atmosphere. For this reason, the calibrated age can be different from the historical age in which the cultural object existed as a tool. A calibrated age is usually older than an historical age. For example, the calibrated age of a statue made of the central part of a log is older than historical age when the statue was made.
The difference between calibrated age and historical age becomes more serious for more recent samples, usually because a more accurate age is required. It is important to clarify the relation between calendar age and historical age for some sorts of the cultural properties made of wood, bone and paper. This investigation intends to clarify the relation between calibrated age and historical age by AMS 14C measurements of Japanese ancient documents that have known historical ages.
METHODS

Features of the Samples
We used AMS to measure the 14C ages of 11 fragmentary pieces of Japanese ancient documents whose historic ages had been obtained by palaeography. The oldest sample was written during the last part of Heian period or the early part of Kamakura period (roughly corresponding to the 12th century AD). The youngest sample was written in the Edo period (17th-19th century AD). The historical ages of the samples are summarized in Table 1 . Six samples (Sample no. 1-6) were cut out of the Buddhist sutras, two (No. 7, 8) were cut from scattered pieces of sutras, one (No. 9) was cut from a scroll, one (No. 10) was cut out of paper that was attached to the back of a sutra for reinforcement, and one (No. 11) was cut out of paper that had been made in the later part of this century from the paper used to reinforce the sample No. 10. Four samples (No. 1, 2, 4, 5) feature Chinese characters written with brush and Chinese ink; the other samples have no ink. Each sample with Chinese characters was cut from a part of the margin, avoiding the characters in order to preserve paleographical information, and avoiding contamination by carbon used for writing the characters. The paper samples were covered with dust and stained with water from the surroundings. We extracted the alpha-cellulose fraction from the samples. First, the samples were washed with distilled water in a supersonic washer to exclude any possible contamination from the dust. Next we removed adsorbed components by alternating washings with 1.2 M HCl and 1.2 M NaOH solutions, each washing taking ca. 2-3 hr. Each treatment was repeated several times, depending on the degree of stain. Cellulose was prepared with a 0.07 M NaC102 solution under acidic conditions (adjusted with HC1). We repeated this treatment 4 or 5 times. Finally, alpha-cellulose was extracted by soaking at room temperature for ca. 30 min in a 17.5% NaOH solution. The alpha-cellulose was combusted to CO2 at 950°C (using CuO). The CO2 was purified by successive vacuum trap with liquid N2, frozen ethyl alcohol and frozen n-pentane. The graphite (to be used for AMS) was prepared by reducing CO2 with H2 and Fe as catalyst at 650°C in a sealed Vycor® glass tube (Kitagawa et al. 1993 ).
l4C Measurement
The instrument used for this study was the Tandetron AMS at the Dating and Materials Research Center, Nagoya University (Nakamura et a1.1985; Nakamura and Nakai 1988) . The conventional 14C ages are calculated using measured 14C/13C ratios, using standard procedures (Oda 1994) . The 1-Q error we used is the square root of unbiased variance of 14C/13C ratios obtained by alternative measurements on sample and standard. The S13C value used for isotopic fractionation correction was measured by a Finnigan MAT 252 mass spectrometer on the CO2 gas before graphitization. The 14C age for each sample of the ancient documents was measured 2 to 4 times, in order to improve statistics. The 1-Q error of the averaged 14C ages used here includes a full statistical treatment.
RESULTS AND DISCUSSION Table 2 shows the 14C ages and 813C results for the ancient documents. The 14C ages are calibrated using the curves from Stuiver and Pearson Pearson and Stuiver 1993) .
The calibrated age ranges are shown in Table 2 . The calibrated ages of the averaged results are summarized in Figure 1 . The calibrated age of the 14C age is plotted as a black circle; the confidence intervals are shown as intermittent error bars. The known historical ages of the documents are shown in Figure 1 as dotted rectangles.
As can be seen in Figure 1 , the calibrated ages of ancient documents are in good agreement with their corresponding historical ages, except for samples 2,10 and 11. Samples 1-9 have different sources, i. e., from a Buddhist sutra, a scattered piece of sutra or a scroll. But their use has been for writing historical information. In Japan, paper has been made mainly from Kouzo (Broussonetia Kazinoki Sieb.), a type of deciduous shrub. The trunk grows to ca. 4 m in height and ca. 2 cm in diameter. Japanese people normally harvested branches of Kouzo that were 3-15 yr old. In addition, new twigs grown under a year old were harvested selectively for manufacturing Japanese paper.
(Older twigs yield paper of poor quality.) Because of this selection, there is no "old wood" effect. Such an effect indeed is not apparent in Figure 1 , except for sample 2. The calibrated age of this sample is older than the historical age. Although Japanese paper has been normally made from twigs of Kouzo, it is known that there are some kinds of paper manufactured from waste paper. Such recycled paper is called Syukusi or Usuzumigami. Usuzumigami is usually slightly blackish due to incomplete bleaching. It would be possible to consider sample 2 to be recycled paper.
The measured age of sample No. 10 is ca. 300 yr too old. This sample had been used to reinforce a sutra by attachment to the back side. If brand-new paper is used for repairing a damaged ancient document, the document will become torn or creased due to the shrinking of the new paper. Therefore, old paper is commonly used for repair to prevent distortion. For this reason, the calibrated 14C age of the reinforcing paper is older than the historical age when the sutra was written. We used AMS to measure the 14C ages of ancient Japanese documents and compared the results with known historical ages. We conclude that such documents are suited for 14C age measurement for the recent historic period because of the negligible difference between the calibrated and historical ages.
